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DObjective: Limited exposure and visualization and technical complexity have affected resident training in
mitral valve surgery. We propose simulation-based learning to improve skill acquisition in mitral valve
surgery.
Methods: After reviewing instructional video recordings of mitral annuloplasty in porcine and plastic models,
11 residents (6 integrated and 5 traditional) performed porcine model mitral annuloplasty. Video-recorded
performance was reviewed by attending surgeon providing audio formative feedback superimposed on video
recordings; recordings were returned to residents for review. After 3-week practice with plastic model, residents
repeated porcine model mitral annuloplasty. Performance assessments initially (prefeedback) and at 3 weeks
(postfeedback) were based on review of video recordings on 5-point rating scale (5, good; 3, average; 1,
poor) of 11 components. Ratings were averaged for composite score.
Results: Time to completion improved from mean 31  9 minutes to 25  6 minutes after 3-week practice
(P ¼ .03). At 3 weeks, improvement in technical components was achieved by all residents, with prefeedback
scores varying from 2.4 0.6 for needle angles to 3.0 0.5 for depth of bites and postfeedback scores of 3.1 
0.8 for tissue handling to 3.6  0.8 for suture management and tension (P  .001). Interrater reliability was
greater than 0.8. In this sample, composite scores of first-year integrated and traditional residents were lower
than those of senior level residents; comparatively, third-year integrated residents demonstrated good technical
proficiency.
Conclusions: Simulation-based learning with formative feedback results in overall improved performance of
simulated mitral annuloplasty. In complex surgical procedures, simulation may provide necessary early
graduated training and practice. Importantly, a ‘‘passing’’ grade can be established for proficiency-based
advancement. (J Thorac Cardiovasc Surg 2011;141:107-12)Mitral valve surgery represents a technically challenging
surgical procedure to perform and to teach. For instance,
in mitral regurgitation, improved survival is associated
with mitral valve repair relative to replacement,1,2 but
choosing the right approach requires not only technical
expertise but both extensive knowledge of anatomy and
pathophysiology and sound intraoperative judgment.
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The Journal of Thoracic and Canumber of mitral valve procedures be performed by the res-
ident during training; rather, there is a requirement of 50
valve procedures, with no distinction between aortic and
mitral valve surgery. Additionally, there may be a limited
volume of mitral valve surgery at a given institution, further
affecting the training experience.
Simulation-based learning has been proposed as an ap-
proach to enhance resident performance in cardiothoracic
surgery.4-10 We propose that resident experience in mitral
valve surgery can be augmented by the introduction of
such training during residency. By evaluating technical
components of mitral valve annuloplasty that define
competency and helping residents achieve these standards
through simulation, we hope to facilitate skills training
and acquisition in mitral valve surgery.
MATERIALS AND METHODS
At a single institution during the transition from a traditional to an inte-
grated cardiothoracic surgical residency training program, 11 residents
(5 previously trained in general surgery [traditional program] and 6 in the
6-year integrated program) participated in this study at the beginning of
the academic year. Residents in years 1 to 3 of the integrated program
(R1–R3) and those in year 1 of the traditional program (T1) had not previ-
ously performedmitral valve surgery in the clinical setting.With the excep-
tion of a single R3 resident who had performed a single cardiac surgical
case, none of the integrated residents (R1–R3) had performed any cardiac
surgical case as surgeon rather than assistant. Neither of the T1 residentsrdiovascular Surgery c Volume 141, Number 1 107
FIGURE 1. Porcine mitral annuloplasty simulation exercise was recorded
with head camera and 2 peripheral cameras. Exposure of mitral valve in the
container (A), after annular suture placement (B), and after seating annulo-
plasty ring (C). A, Anterior leaflet. Asterisks indicate trigones.
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Dhad performed any cardiac surgical cases as surgeon, because they had just
completed general surgical residency. Residents in years 2 and 3 of the tra-
ditional program (T2 and T3) had performedmitral valve procedures before
this simulation exercise. The 2 T2 residents had performed 19 and 20 cases.
The T3 resident had performed nearly 240 cases as surgeon. Approval to
conduct this study was obtained from the institutional review board.
Porcine Heart Model
Explanted porcine hearts were placed in the container (Wet-Lab, Ltd,
Kenilworth,Warwick, UK) and situated to present the left atrium andmitral
annular plane at an angle mimicking that in the operating room. The left
atriumwas opened, and stay sutures were placed the expose themitral valve
and annulus in an anatomically correct configuration, with visibility of the
anterior annulus, posterior annulus, and commissures (Figure 1). The depth
of the annulus relative to the top of the container was approximately 6 cm.
The exposure in this porcinemodel provides the traineewith an opportunity
for assessment of the valve leaflets, annulus, and subvalvular structures.
Plastic Mitral Valve Model
The plastic mitral valvemodel is a silicone-based cylinder with an open-
ing of 7 cm in diameter and a depth of 5.5 cm (Chamberlain Group, Great
Barrington, Mass; Figure 2). The commissure-to-commissure distance is
35 mm, and the anteroposterior dimension measures 26 mm. The model
is moderately pliable, which permits some degree of traction and relaxation
during suture placement. The cylindrical configuration and the relatively
flat plane of the annulus require awareness of needle angles (ie, mounting
the needle on the needle driver) for optimal placement of the sutures. The
annulus provides reasonable tactile response to suture placement, which
permits assessment of the depth of bites, suture advance, and spacing
between sutures.
Protocol
All residents reviewed instructional video recordings demonstrating how
to perform a mitral annuloplasty with both the porcine model and the plastic
mitral model. A few days later, each resident performed a mitral annulo-
plasty with the porcine model (prefeedback). Standard surgical instruments
were used. Sutures were 2-0 Ethibond with RB-1 needles (Ethicon, Inc,
Somerville, NJ), and the annuloplasty rings were either Sorin Annuloflow
or Sorin Annuloflex (Sorin Group USA, Arvada, Colo). The procedure
was timed and video recorded with a head-mounted camera and 2 peripheral
cameras. All data were stripped of identifying information and stored on
a computer hard drive. Video recordings were submitted to a senior faculty
surgeon (J.I.F.) blinded to the identity of the resident. Formative feedback
was given as a narrated video recording (audio recording superimposed
on the video recording) and returned to each resident for review within 1
week. Residents were given 2 additional weeks to practice the exercise on
the plastic mitral model after reviewing the video recording with feedback.
Instruments, sutures, and annuloplasty ring were provided. Home practice
times were recorded. Three weeks after the initial simulation session, the
residents repeated mitral annuloplasty with the porcine model (postfeed-
back); these procedures were video recorded. Resident performance was
evaluated on the basis of review of the video recordings in a blinded fashion
by 2 surgeons (J.I.F., T.A.B.) familiar with the use of the rating scale.
Performance Assessment
Resident performance was assessed according to a 5-point rating scale
modified from the Objective Structured Assessment of Technical Skills de-
scribed by Reznick and colleagues11,12 (Table 1). The 11 components of the
procedure assessed included identification of anterior annulus, identifica-
tion of posterior annulus, needle angles, needle removal from annulus, tis-
sue handling, depth of bite, suture advance along annulus, spacing between
sutures, situating mitral ring, knot-tying, and suture management and ten-
sion. A composite score averaging the scores of the 11 components was cal-
culated for each resident.108 The Journal of Thoracic and Cardiovascular SurgStatistical Analysis
Data are presented as mean  SD. Time to completion data were ana-
lyzed with a paired t test that compared prefeedback times with postfeed-
back times. Components of the rating scale (prefeedback and
postfeedback) were analyzed with paired t tests. To assess interrater reli-
ability when scoring the participants, we used the statistic Savr describedery c January 2011
FIGURE 2. Plastic mitral valve model was used for home practice. A,
Oblique view; B, top view.
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on the k-like statistics of interrater agreement referenced to chance. Savr
takes into account the ordinal nature of the scale and can accommodate
2 or more raters. For Savr, the by chance reference is computed on the
assumption that raters would have an equal chance of using any of the rat-
ing scale elements in rating any particular item and subject. Correlation be-
tween home practice time and time to completion and composite score was
obtained with a Pearson coefficient.RESULTS
Anastomosis Times
Time to completion improved from 31 9 minutes at the
prefeedback session to 25  6 minutes after 3 weeks of
practice (P¼ .03; Figure 3). Residents who required longer
than 40 minutes at the initial session demonstrated marked
improvement, whereas those who completed the initial
exercise in less than 25 minutes showed modest to no
improvement after practice. Improvement in time toThe Journal of Thoracic and Cacompletion was seen both in integrated residents (mean
from 33  9 minutes to 25  6 minutes) and in traditional
residents (mean from 29  11 minutes to 23  6 minutes).Technical Skills Assessment
Performance assessment demonstrated an improvement
in each of the components (Table 2). The technical scores
varied from 2.4  0.6 for needle angles to 3.0  0.5 for
depth of bite at the prefeedback session. After 3 weeks
(postfeedback), performance improved in all components,
with scores varying from 3.1  0.8 for tissue handling
to 3.6  0.8 for suture management and tension. The
degree of improvement appeared to be greatest in the iden-
tification of anterior annulus, needle angles, and suture
management and tension. The lowest scores at the postfeed-
back session were in tissue handling (3.1  0.8), needle an-
gles (3.2  0.5), and removing the needle from the annulus
(3.2  0.7). The interrater reliability for the performance
rating scores was greater than 0.8, demonstrating good reli-
ability.
At the prefeedback session, 8 residents demonstrated
a composite score less than 3. At the postfeedback session,
3 residents failed to achieve a composite score of at least 3,
whereas 5 residents achieved a score of at least 3 in each
component along with a composite score of at least 3. There
was no correlation between postgraduate year and time to
completion improvement or overall score improvement
(0.3 and 0.1, respectively). Performance of the integrated
residents improved from a score of 2.6  0.6 to 3.3  0.7
(P<.001), whereas performance of the traditional residents
improved from 2.9  0.7 to 3.5  0.6 (P<.001). On aver-
age, residents practiced a mean of 3 hours (median, 2 hours;
range, 0–10 hours) after reviewing the video feedback;
practice time showed no to low correlation with improve-
ment in time to completion or composite score (Pearson co-
efficients of 0.4 and 0.3, respectively). In this small
sample, the composite scores of first-year integrated and
traditional residents were lower than those of senior level
residents; comparatively, the third-year integrated residents
demonstrated good technical proficiency (Figure 4).DISCUSSION
In this study, time to completion and resident perfor-
mance in mitral annuloplasty were improved by means of
simulation and skills training with a period of practice
and formative feedback. According to a global rating scale,
both integrated and traditional residents showed improve-
ment in the technical skills components, with composite
scores of first-year integrated and traditional residents being
lower than those of senior level residents; comparatively,
third-year integrated residents demonstrated good technical
proficiency. By providing the basis to develop an overall
score, an important implication is that a ‘‘passing’’ graderdiovascular Surgery c Volume 141, Number 1 109
TABLE 1. Components of performance rating scale
Component Description Rating
1 Identify posterior mitral annulus (demonstrate annulus, decussation or junction
of leaflet and atrial wall, for suture placement)
1 2 3 4 5
2 Identify anterior mitral annulus (demonstrate annulus, junction of leaflet
and fibroskeleton, for suture placement)
1 2 3 4 5
3 Needle angles (proper angle to permit needle point to puncture orthogonal to tissue
plane; consider depth of field, limits of access, and space constraints)
1 2 3 4 5
4 Needle removal from annulus (follow curve of needle to minimize tissue trauma) 1 2 3 4 5
5 Tissue handling (gentle manipulation without excessive tension and tissue trauma) 1 2 3 4 5
6 Depth of bite (proper depth of entry and exit points; proper and consistent depth
of needle and suture)
1 2 3 4 5
7 Suture advance along annulus (proper distance of suture travel in annulus, not
too small or too large)
1 2 3 4 5
8 Spacing between sutures (even spacing; consistent distance from previous bite,
not too close or too far)
1 2 3 4 5
9 Situating mitral ring (proper orientation relative to the annulus; proper suture
placement from edge; proper suture spacing)
1 2 3 4 5
10 Knot tying (adequate tension, facility; follow for finger and hand to secure
knots, not too loose or too tight)
1 2 3 4 5
11 Suture management and tension (avoid entanglement; use tension
and traction to assist exposure)
1 2 3 4 5
Definitions: 5, Excellent, able to accomplish goal without hesitation, showing excellent progress and flow. 4,Good, able to accomplish goal deliberately, with minimal hesitation,
showing good progress and flow. 3, Average, able to accomplish goal with hesitation, discontinuous progress and flow. 2, Below average, able to partially accomplish goal with
hesitation. 1, Poor, unable to accomplish goal; marked hesitation. Adapted from Objective Structured Assessment of Technical Skills.11,12
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D(eg, 3 out of 5 points) can be established for proficiency-
based advancement.
With changes in residency training, the number of cases
performed by cardiac surgical trainees has been lower dur-
ing each year of training after implementation of work-hour
restrictions, with an average of 460 total cases performed
during the 1999 to 2002 interval compared with 337 cases
during the 2003 to 2007 time interval.14 Also inherent inFIGURE 3. Times to completion before and after feedback for each resident w
out of medical school (PGY) as R1, R2, or R3. Traditional residents are design
110 The Journal of Thoracic and Cardiovascular Surgthe transition from a traditional general surgery–based
training paradigm to an integrated 6-year cardiothoracic
surgical residency is the elimination of complex general
surgical cases. Thus simulation-based skills training in
this and previous studies has been proposed as an approach
to enhance resident performance in cardiothoracic
surgery.4-10 By focusing on components of surgical
technique by using partial-task trainers and practice outsideith porcine mitral valve model. Integrated residents are designated by year
ated by year in cardiothoracic surgery residency as T1, T2, or T3.
ery c January 2011
TABLE 2. Mean performance rating scores comparing prefeedback and postfeedback sessions.
Prefeedback score Postfeedback score
Technical component Mean ± SD Range Mean ± SD Range P value Difference (%)
Identify posterior annulus 2.7  0.8 1–4 3.4  0.6 2–5 <0.01 27
Identify anterior annulus 2.7  0.7 1–4 3.5  0.7 2–5 <0.01 31
Needle angles 2.4  0.6 1–4 3.2  0.5 2–4 <0.01 31
Needle removal from annulus 2.7  0.6 2–4 3.2  0.7 2–4 <0.01 19
Tissue handling 2.6  0.8 1–4 3.1  0.8 2–5 <0.01 20
Depth of bite 3.0  0.5 2–4 3.5  0.5 3–4 0.01 15
Suture advance along annulus 2.8  0.6 2–4 3.5  0.8 2–5 <0.01 28.
Spacing between sutures 2.9  0.7 2–4 3.5  0.7 2–5 <0.01 20
Situating mitral ring 2.7  0.9 1–4 3.4  0.8 2–5 <0.01 28
Knot tying 2.9  0.9 1–4 3.4  0.7 2–5 <0.01 17
Suture management and tension 2.7  1.0 1–4 3.6  0.8 2–5 <0.01 31
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Dthe operating room, residents can improve their basic tech-
nical skills in a graduated fashion and thus maximize their
clinical experience.4-6
Mitral valve surgery is a complex procedure, requiring
not only technical expertise but both extensive knowledge
of anatomy and pathophysiology and sound intraoperative
judgment. The focus of this study was directed toward the
technical aspect of the annular suture placement and seating
the annuloplasty ring. Although this focus is limited in the
overall scope of mitral valve surgery, we propose that such
technical skills must be mastered before any attempts are
made at mitral valve surgery in the clinical setting. By ac-
quiring these basic skills, the resident can focus on the cog-
nitive and procedural components of mitral valve surgery in
the operating room, such as attaining adequate exposure, as-
sessing the pathology, and determining the appropriate ap-
proach and repair techniques. In this study, integratedFIGURE 4. Composite score averaging each component for each resident. Inte
R2, or R3. Traditional residents are designated by year in cardiothoracic surger
The Journal of Thoracic and Caresidents overall (R1–R3) improved their postfeedback per-
formance to a level that exceeded the scores of first-year tra-
ditional residents (T1) at the prefeedback session. This
finding can be attributed to earlier exposure to and focus
on cardiac surgical procedures in the integrated training
program. Although these integrated residents had not previ-
ously performed mitral valve surgery in the clinical setting,
some had participated in relevant ‘‘wet lab’’ experiences
(R2 and R3 more than T1) or in previous research involving
large animal surgery; importantly, they had served as a sec-
ond assistant in many cardiac surgical procedures.
Despite the emphasis on home practice and deliberate
practice, what is troubling is that many residents do not
fully appreciate the importance of such practice in skill ac-
quisition, as evidenced by a mean practice time of 3 hours
during 2 weeks in this study. Because home practice is
self-reported, its intensity and thus its impact are difficultgrated residents are designated by year out of medical school (PGY) as R1,
y residency as T1, T2, or T3.
rdiovascular Surgery c Volume 141, Number 1 111
Acquired Cardiovascular Disease Joyce et al
A
C
Dto compare among trainees; nonetheless, it is imperative
that the concept of deliberate practice be instilled in all res-
idents, especially in view of work-hour restrictions and
changes in residency training, with fewer open surgical
cases in general surgical rotations.4-6,15,16 On the basis of
evidence from other domains of expertise and expert
performance, it is critically important to have teaching or
‘‘coaching’’ in the simulation laboratory by a skilled
surgical educator, so that formative feedback and
definition of areas of weakness requiring further practice
or remediation can be carried out.15 This process could be
similar to other domains (eg, music and sports), in which
such coaching and feedback may take no more than a few
hours a week. For the resident to improve his or her techni-
cal skills, defined practice periods at home and in a simula-
tion laboratory are thus critically necessary.
Limitations
Mitral valve and subvalvular structures in the porcine
model are not fully representative of the human heart, but
the porcine model does provide good tactile feedback and
realistic anatomic landmarks. Another limitation is that
the silicone-based mitral valve model is of moderate rather
than high fidelity. Practice on such a model may account for
the fact that there was low to no correlation with improve-
ment on the porcine heart model. As noted, the plastic
model does provide some of the components of mitral valve
surgery that we consider important; however, development
of more realistic and challenging models and simulators is
necessary. Simulation-based learning and skills training in
cardiac surgery may not transfer to the operative setting
with high-stakes, open surgical procedures; transferability
will require definition of the tasks that can be simulated
and that can be accurately assessed in the operating room
without negatively affecting patient safety. The 11 compo-
nents used in the rating scale were determined to represent
surgical skill at a single institution; other components not
studied may be deemed equally or more important by
others. The composite score may not truly represent the res-
ident’s performance, because each component comprising
the overall score is given equal weight; the intent of the
composite score was to present an estimate of the overall
performance to provide a means for comparison in this
study. To use a composite score or grade for summative as-
sessment, it will be necessary to establish consensus among
subject matter experts and to weigh each component of the
evaluation. It is recognized that the relatively small number
of participants limits the extent to which comparisons can
be made between integrated and traditionally trained resi-
dents. Also, because this cohort of residents was limited
to a single institution, a multi-institutional study is neces-
sary to define the role for cardiac surgical simulation in
the development of a technical skills curriculum and assess-
ment. Future work will investigate the use of more realistic112 The Journal of Thoracic and Cardiovascular Surgsimulators and a strategy of mandatory practice with feed-
back (defined length and intensity of practice), which may
demonstrate a correlation between degree of practice and
improved performance.
This study suggests that introducing simulation exercises
in mitral valve surgery provides an effective means of en-
hancing the resident’s mastery of skills. By developing
a standardized method of assessment based on these 11
components, we have established a technique that permits
an individualized approach to remediation and practice.
On the basis of our comparison of data between integrated
and traditional residents, this type of strategy with
simulation-based skills learning may offer a solution to
the some of the limitations of training residents in the cur-
rent era.
We gratefully acknowledge David Gaba, MD, for his assistance
with the statistical analysis.References
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